INTRODUCTION
============

Although cryptococcosis has been studied since 1894, over the past 40 years many important advances have been achieved regarding taxonomy, epidemiology, capsular structure, virulence factors, serotypes and specific genotypes[@B25]. In Brazil, reports have been registered in most states[@B11] [@B16] [@B23] [@B29] [@B34] [@B39], but in the State of Mato Grosso little research has been conducted in relation to clinical and environmental isolates of the agents of cryptococcosis. The first description of these microorganisms in HIV-positive patients in Mato Grosso was reported by FAVALESSA *et al.*, who detected 26 *Cryptococcus neoformans* and 10 *Cryptococcus gattii* isolates in distinct clinical materials from seropositive and seronegative patients[@B10].

The genus *Cryptococcus* comprises more than 38 species, two of which are considered potentially pathogenic: *Cryptococcus neoformans* and *C. gattii* [@B17] [@B18] [@B20]. Although both are found worldwide, their main ecological niches present some differences: *Cryptococcus neoformans* is most commonly isolated from pigeon droppings, while *C. gattii* is more frequently isolated from decaying wood and soil[@B14] [@B24] [@B25].

The presence of *Cryptococus neoformans* in soil and old dried pigeon excreta has been widely studied in several countries[@B07] [@B08]. Poultry manure is considered a natural substrate for *C. neoformans*. Pigeons can even carry it on their beaks, feathers and legs, as well as presenting colonization by this agent on the crop. They act as dispersers in the environment, generating a source of infection for humans. Regarding the primary habitat of *C. neoformans*, species of plants and aged woods can be considered locations where the yeasts may naturally develop their sexual state[@B32].

Considering the complete lack of data reported in the literature to date, the present study aimed to evaluate the possible environmental distribution of *C. neoformans* in public places (churches, squares, educational institutions, prisons, factories and health facilities) and residences within the City of Cuiabá and the neighbor metropolitan area.

MATERIAL AND METHODS
====================

**Study periods and locations:** The samples were collected between July and December of 2010 in the metropolitan area of Cuiabá.

Mato Grosso is located in the Midwest region of Brazil. The state occupies an area of 903,357km^2^, being the third largest from Brazil and it is the only one to have three characteristic biomes, Pantanal (marshland), Cerrado (Brazilian savanna) and Amazon. Its capital is the City of Cuiabá, which has about 551,000 inhabitants. In its territory is situated the geodesic center of South America, at 15°35′56″ South and 56°06′05″ West ([Fig. 1](#f01){ref-type="fig"}).

Fig. 1Location of the City of Cuiabá, State of Mato Grosso, Brazil.

The climate is characterized by a mean annual rainfall of 1,469.4 mm and average annual temperature of 24 to 26 °C. Despite unequally distributed, the region is well supplied with rain and seasonality is typically tropical, with maximal temperatures in summer and minimal in winter. Over 70% of the total rainfall accumulated during the period of November to March. The winters are excessively dry, due to very scarce rainfall[@B35]. The average temperature during the collecting period was 27 °C (July to December 2010), with maximal that reached 40 °C for several times in August, September and October[@B15].

The sites selected were characterized as follows: five public squares, four churches, three educational institutions, eight public health units, four open areas covered with asbestos, 23 residences, one factory and one prison.

**Inclusion criteria:** At all the sites selected, aspects related to the excreta collected were evaluated according to the following parameters: excreta presenting a dried aspect; deposited on the surfaces of public or residential environments; the presence of pigeons close to the excreta; the presence of chicks or nests; and sufficient quantity for posterior weighing (\> one gram) and analysis.

**Sample processing:** Following homogenization, 1 g of each sample was suspended in 50 mL of sterile physiological saline with 0.4 g/L chloramphenicol, shaken for five min and allowed to settle for 30 min. The supernatant was aspirated, inoculated onto Niger seed agar (NSA) medium (0.1 mL of supernatant per plate, 10 plates per sample), incubated at room temperature (25 °C to 27 °C) and observed for five to seven days.

Yeast colonies on NSA were selected by observing the shiny, smooth, and dark brown colonies (due to melanin production). The brown colonies were sub-cultivated onto Sabouraud (Merck) medium for urease test and other biochemical tests as well microscopic analysis with India ink to visualize the capsule[@B21] [@B22]. For the biochemical tests, auxanogram technique was used, in which the assimilation of eleven carbon sources (dextrose, lactose, maltose, sucrose, inositol, galactose, cellobiose, melezitose, melibiose, rhamnose and erythritol) and two nitrogen sources (peptone and potassium nitrate)[@B18] [@B22] were used to identify the cryptococcal isolates.

The dark brown colonies were also sub-cultivated onto NSA medium which is recommended to confirm phenoloxidase activity[@B11]. After passage through NSA medium, dark brown colonies were seeded on CGB medium (L-canavanine glycine bromothymol blue) for species identification[@B19]. No alteration in the yellow-green original color of the CGB medium confirms *C. neoformans*.

For molecular identification of the cryptococcal isolates, the protocol described by POETA *et al.* [@B33] was used, with modifications, for DNA extraction. Yeast cells were suspended in 0.5 mL TENTS \[10 mM, Tris pH 8.0, 5% sodium dodecyl sulfate (SDS)\]. Then, 0.5g of 0.5-mm glass beads were added and boiled at 100 °C for 10 min. It was then added 0.5 mL of phenol: chloroform and samples were vortexed for two min. After centrifugation for 10 min in a microfuge at 14,500 × *g*, the aqueous phase was transferred to a tube with one volume of isopropanol and 0.3 M of sodium acetate was added, and samples were placed at -20 °C overnight. DNA collected was precipitated, washed with 70% ethanol, re-suspended in 50 µL of ultrapure water and stored at -20 °C.

To confirm the species of the isolates, pairs of primers CNA70A (5′-ATTGCGTCCATGTTACGTGGC-3′) and CNA70S (5′-ATTGCGTCCACCAAGGAGCTC-3′) specific for *C. neoformans* were used, resulting in amplification products of 695 bp[@B02] [@B13].

RESULTS
=======

All the brown colonies isolated on NSA medium were encapsulated yeast forms, and have been observed in microscopy with India Ink. All were thermotolerant to 37 °C, urease-producing and inhibited by cycloheximide. In Canavanine-glycine-bromothimol blue medium (CGB) didn\'t have color change and this confirmed specie *C. neoformans*, as well as the assimilation of carbohydrates (glucose, maltose, sucrose, galactose, cellobiose, inositol, xylose, raffinose, trehalose, dulcitol) and no nitrate assimilation. All colonies isolated was confirmed by PCR (Polymerase Chain Reaction) from the use of specific primers. Further analysis should be performed to investigate the molecular types of these isolates.

One hundred and twenty-two dry pigeon excreta samples were chosen at random from different locations ([Table 1](#t01){ref-type="table"}).

Table 1Types and number of sites investigated (Groups) and positivity (%) associated with the presence of *Cryptococcus neoformans* in pigeon excreta of environments in the Cuiabá City, State of Mato Grosso, BrazilGroups/type of locationNumberPresence of excretaSample (n)Sample positiveIsolationabsoluterelativen%Group I: squares11512000.0Group II: churches1041321/425.0Group III: educational institutions531311/333.0Group IV: health units8820000.0Group V: open areas[\*](#TFN01t01){ref-type="table-fn"}4411000.0Group VI: residences23234454/2317.0Group VII: factories113000.0Group VIII: prisons116000.0**Total6349 (78%)1228 (6.6%)6/4912.2**[^1]

The presence of excreta was detected in the eight groups evaluated. However, considering the squares, the presence of excreta was only observed in four of the eleven surveyed. Similarly, in four of the ten churches and three of the five schools the same fact was observed, concomitant presence of pigeons and excreta. According to the isolation of *C. neoformans*, it was possible to determine that these yeasts were mostly detected in the pigeon excreta collected from the residences assessed.

Regarding the different groups evaluated, *C. neoformans* was detected in one of the four churches, specifically in the tower, where the presence of both pigeons and excreta were observed. *C. neoformans* was isolated in one of the three educational institutions inhabited by pigeons where excreta were also observed. Isolates of *C. neoformans* were similarly identified in samples from four of the 23 residences evaluated.

The presence of pigeon excreta was observed in 49 (78%) of the 63 sites visited. The presence of these substrata according to the different sites is presented in [Table 1](#t01){ref-type="table"}.

Isolation of *C. neoformans* was obtained from six (12.2%) of the 49 sites analyzed, where eight (6.6%) out of 122 samples of dried pigeon excreta collected were positive.

Two samples collected from the church were positive for *C. neoformans*, eight colonies were detected. In the educational institution, *C. neoformans* was detected in only one of the 13 samples analyzed and in this sample, four colonies were detected. Regarding the residences, five samples positive for *C. neoformans* were obtained and 60 colonies were detected.

The identification of *C. neoformans* isolates was confirmed by PCR using specific primers ([Fig. 2](#f02){ref-type="fig"}).

Fig. 2PCR amplification of *Cryptococcus neoformans*: M, 100 pb DNA ladder, 1 negative control (NC), 1 positive control (PC) and sample isolates A1 (church), A2 (educational institution), A3 (residence 1) and A4 (residence 2).

DISCUSSION
==========

The deposition of pigeon excreta (*Columba livia*) in public places can serve as a source of infectious agents of importance for public health, such as *C. neoformans*. In this study, certain facts observed during sample collection deserve attention: the amount of excreta obtained was variable, in that frequent cleaning was observed in several of the public spaces evaluated. Thus, despite the presence of pigeons, the presence of excreta was not verified at all the sites selected.

Furthermore, in the majority of the sites visited, there were no mechanical barriers to prevent access by pigeons, a resource currently used to hinder the approach of pigeons to windows, air conditioning units and other physical barriers.

The isolation of virulent strains of the fungus from soil samples was first reported by SILVA & CAPUANO[@B37] in Brazil as early as 1960. MACHADO *et al.* [@B27]also reported recovering this fungus from the soil in an attempt to correlate the clinical-epidemiological history of patients suffering from cryptococcosis in the Santa Casa of Porto Alegre, in the State of Rio Grande do Sul (RS), Brazil.

In this study, only samples of pigeon excreta were collected, soil samples were not included. However, when considering studies that examined samples of pigeon excreta, positivity rates for the isolation of the fungus in Brazil ranged from 4.3 to 31.3%[@B03] [@B06] [@B09] [@B13] [@B16] [@B23] [@B27] [@B28] [@B29] [@B31] [@B34] [@B37] [@B39]. The findings of this study show a positivity rate of 12% for *C. neoformans*, values that are compatible with the rates of isolation in Brazil previously reported in the literature. Most of the total samples analyzed (44/122) were from residences, sites which presented expressive positivity (17%). This finding may represent a risk for the acquisition of cryptococcosis, since in several of the evaluated residences the habit of feeding pigeons by residents was frequently observed, luring them and indirectly encouraging them to reproduce. Food scraps were also found in these places, reflecting poor hygiene care in the common areas of residential estates.

Ten churches were visited and the presence of excreta was investigated in four, though positivity for *C. neoformans* was demonstrated only in one. BARONI *et al.* [@B03]also evaluated the presence of *C. neoformans* in ten churches in the City of Rio de Janeiro and *C. neoformans* was found in every church selected and was present in 37.8% of 219 pigeon dropping samples. Samples of excreta were obtained, in addition to air samples in church towers and from the surrounding areas. It is known that high summer temperatures can inhibit the growth of *C. neoformans*, possibly due to inactivation of the yeast[@B36] [@B40]. Cuiabá is known for its high temperatures, a factor that should be considered in relation to the low rates of detection of *C. neoformans* in pigeon excreta at the sites evaluated.

According to BULMER[@B04], the problem is the long viability of *C. neoformans* in dried excreta, about two years. Based on this information, old buildings and towers of old churches can be considered potential sources for *C. neoformans* and should be periodically evaluated by public health authorities. In Cuiabá, most churches are fairly old (over 50 years-old) and are considered historical monuments of the city, which completed 292 years in 2011.

Uninfected pigeon excreta can become infected when exposed to air containing aerosolized cells of *C. neoformans* [@B05]. Considering all the locations where pigeon excreta might be deposited within the urban areas of Cuiabá, the aerial dispersion of cryptococcal propagules from the positive sites to the surroundings is probably occurring. The positivity (12%) rate for the isolation of *C. neoformans* from pigeon excreta detected in this study is in agreement with the values obtained by LOPEZ-MARTINEZ *et al.* [@B26], who analyzed 711 samples from numerous environmental sources in Mexico City, including bird droppings, fruits and vegetables. They reported the presence of *C. neoformans* in 9.5% of excreta samples, 9.5% in fruits and 4.2% vegetables. In contrast, in another study in Bogota (Colombia), 480 samples of debris from trees and 89 excreta samples were investigated. Among the plant samples, 99% were characterized as *C. gattii* and 1% as *C. neoformans*, while in the excreta samples, only C. *neoformans* was isolated[@B12].

Considering the public squares in the present study, the findings in Cuiabá contrast with those obtained in Porto Alegre, Rio Grande do Sul State, by REOLON *et al.* [@B34] They affirmed that in all five squares in which the investigation of yeasts of the genus *Cryptococcus* was conducted, a total of 88 samples, positivity was obtained in all 88 (100%) samples. In our study, 11 squares were evaluated, but it was not possible to isolate yeasts of the genus *Cryptococcus*, despite the presence of excreta in five of the squares. The authors who conducted the study in Porto Alegre did not mention the period or season in which the materials were collected, making it virtually impossible to compare the factors that could interfere with the isolation of yeasts in cities with very different bioclimatic conditions, such as Cuiabá and Porto Alegre.

In the City of Pelotas, Rio Grande do Sul State, FARIA *et al.* [@B09] evaluated 70 environments, including squares (n = 1), historic buildings (n = 8), church towers (n = 1), rice mills and warehouses (n = 7) and outdoor locations (n = 9). Considering all these sites, the isolation of *C. neoformans* was verified in 26.9% (n = 7/26). Among the 14 squares evaluated in Pelotas, only one had a mean quantity excreta from which *C. neoformans* was isolated. The City of Pelotas has no extreme temperatures and relative humidity is high. This contrasts with the bioclimatic conditions of Cuiabá, where temperatures in August, September and October, rise considerably and the relative humidity remains extremely low, reaching critical levels. Sun light exposure associated with the climate of Cuiaba may be critical for the survival of *C. neoformans* in open areas of the city. Moreover the agent was mainly isolated from protected places in Cuiabá, such as an educational institution, a church and four residences. These findings reveal the risk of exposure for immunosuppressed and even immunocompetent individuals in daily activities or living in these microenvironments. Measures are required to reduce the number of birds through the maintenance of adequate hygiene, aeration, lighting and ventilation[@B01] [@B11]. Simply performing adequate cleaning of such environments could be effective, as well as not offering food to pigeons, particularly in residential areas.
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[^1]: with asbestos covering.
